Abstract. Adult ixodid ticks were collected from Westchester County, New York, and Ipswich, Massachusetts, to determine the presence of infection with a human granulocytic ehrlichiosis (HGE) agent by using the polymerase chain reaction (PCR). The presence of Borrelia burgdorferi in ticks collected from New York was also determined by PCR. Of the 229 ticks from New York and 47 ticks from Massachusetts, 9% (22/229) and 25% (12/47) of ticks contained HGE agent, respectively. Fifty-four percent (123/229) of the ticks collected from New York were B. burgdorferi positive; 4% (9/229) of these ticks contained both HGE agent and B. burgdorferi. This finding indicates that animals with Lyme borreliosis may be also exposed to the etiologic agent of HGE. More extensive laboratory diagnosis may be necessary when multiple tick-borne diseases are suspected in animals.
Lyme borreliosis and ehrlichiosis are emerging infectious diseases of both humans and animals that are transmitted by ticks, Ixodes scapularis or I. pacificus (black-legged tick). 1, [20] [21] [22] 24 During the last decade, the tick population has increased in areas inhabited by white-footed mice (Peromyscus leucopus), white-tailed deer (Odocoileus virginianus), and other mammals. The increase in the tick population in areas inhabited by humans and their associated animals has led to the increasing incidence of Lyme borreliosis or ehrlichiosis.
Molecular analyses indicate that the human granulocytic ehrlichiosis (HGE) agent is either similar to or identical to the agent that causes equine granulocytotropic ehrlichiosis (Ehrlichia equi), suggesting that these diseases may be caused by the same organism. 3, 8, 11 HGE was first described in patients in Minnesota and Wisconsin in 1994. 10 Cases have been also reported in California, Connecticut, Florida, Maryland, Massachusetts, New York, Rhode Island, Pennsylvania, Maryland, Florida, and Arkansas. 25 Recently, coexistence of antibodies to tick-borne pathogens, such as Babesia microti, HGE agent, and Borrelia burgdorferi, have been reported, 17, 19 indicating that humans and animals may be infected simultaneously by these pathogens through tick bites. Borrelia burgdorferi-infected ticks (collected from the North Salem rim of Westchester County, NY) have been used to challenge and induce Lyme arthritis in dogs. 1, 4, 5, 23 To determine whether the collected ticks harbor both B. burgdorferi and the HGE agent, the polymerase chain reaction (PCR) was used to amplify specific nucleotide sequences from both agents. Fortyseven ticks collected from Ipswich, Massachusetts, were also examined for the presence of HGE agents.
Materials and methods
Adult ticks (I. scapularis) were collected by dragging white flags in a forested area in North Salem (Westchester County, NY). Other ticks were collected in Massachusetts. Ticks were maintained at 94% relative humidity at 10 C until used.
Individual ticks were placed into microcentrifuge tubes and triturated with tissue grinders in 200 l DNAzol. a The template DNA was prepared as described by the manufacturer and resuspended in 30 l of Tris-ethylenediaminetetraacetic acid (TE) buffer. a To prevent contamination, the preparation of reaction mixtures, DNA extraction, amplification, and detection of the PCR products were all performed in different rooms. Aerosol-resistant filter pipet tips were used through the experiment. Amplification of HGE agent 16S RNA-specific target sequences was carried out in a 50-l reaction mixture containing 10 l of DNA template from each tick specimen, or 1 ng of HGE genomic DNA (originally isolated from a human patient and passaged through a pony) as a positive control, or distilled water as a negative control. Reactions included 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 , 0.5% NP40, 0.5% Tween 20, 200 M each deoxynucleoside triphosphate, 2 M primer sets GER 3 (5Ј-TA-GATCCTTCTTAACGGAAGGGCG-3Ј) and GER 4 (5Ј-AAGTGCCCGGCTTAACCCGCTGGC-3Ј), and 2 U of the thermostable Taq DNA polymerase. 9 The reaction mixture was subjected to 40 cycles of amplification using an automated DNA thermal cycler. b Each cycle involved heating to 94 C for 1 min (DNA denaturation), cooling to 59 C for 1 min (primer annealing), and again heating to 72 C for 2 min (primer extension). Negative controls consisting of distilled water substituted for the DNA template in the reaction mixture were included in each PCR run. Amplification of B. burgdorferi target sequences was carried out as described above, except the SL primer set for the OspA gene (5Ј-AATAGGTCTAATAATAGCCTTAATAGC-3Ј and 5Ј-CTAGTGTTTTGCCATCTTCTTTGAAAA-3Ј) was used. 7 Visualization of the PCR amplification products was performed by gel electrophoresis on a 6% polyacrylamide gel. 5 
Results

Detection of HGE agents.
A total of 229 ticks from New York were examined by PCR for the presence of HGE agent; 9% (22/229) of the adult ticks were positive for HGE (Fig. 1) . A total of 47 ticks from Massachusetts were also examined for the presence of HGE; 26% (12/47) were positive for the HGE agent. Three PCR products each amplified from ticks collected from New York and Massachusetts were sequenced; the DNA sequence was identical to that previously reported. 6 Detection of B. burgdorferi. We also tested ticks isolated from New York for the presence of B. burgdorferi; 54% of the ticks (123/229) were positive for B. burgdorferi (Fig. 2) , and 4% (9/229) were positive for the presence of both HGE agents and B. burgdorferi. Three PCR products were sequenced; the DNA sequence was identical to that of B. burgdorferi B31 OspA.
Discussion
Ehrlichiae are small, gram-negative, obligate intracellular bacteria that reside within a phagosome. 25 These obligate intracellular organisms are harbored by the ticks and show a tropism for leukocytes in the mammalian host. 25 HGE and 2 other recognized species of granulocytic ehrlichiae of veterinary importance, E. equi (equine granulocytotropic ehrlichiosis) and E. phagocytophila (tick-borne fever of ruminants in Europe), are known to be transmitted by tick bite. However, HGE agent may also be transmitted by contact with infected deer blood. 2 Recent evidence suggests that granulocytotropic ehrlichiosis of humans and horses may be caused by a single Ehrlichia species. 11, 13, 15, 16 The DNA sequences of the 16S rDNA from the agents obtained from peripheral blood of naturally infected horses and dogs in Sweden, dogs in Minnesota and Wisconsin, and horses in Connecticut are identical with those of the HGE agent and differ by only 1 base from the published 16S rDNA sequence of E. equi. 3, 15 Moreover, when blood from HGE patients is injected into horses, ehrlichiosis develops. The disease can be serially transmitted to other horses and induces protection against subsequent E. equi challenge. 3 Also, naturally occurring canine E. equi infections have been transmitted to horses, which subsequently developed equine granulocytic ehrlichiosis, and E. equi has been transmitted experimentally by injecting equine blood into susceptible dogs. 10, 11, 14 Ixodes scapularis was implicated to be a major vector for transmission for HGE and B. burgdorferi in the upper Midwest and in New England, whereas in California, I. pacificus is responsible for transmission. Because HGE and B. burgdorferi are transmitted by the same Ixodes ticks, coinfection with these agents may occur in mammalian host when the ticks bite.
Only 9% of the ticks collected from New York harbored the HGE agent. However, 26% of the ticks collected from Massachusetts harbored the HGE agent. In other studies, the HGE agent was detected in 59% of ticks in Connecticut. 18 These findings indicate that the presence of HGE agents in ticks depends on where ticks are collected. Borrelia burgdorferi was detected in 54% of ticks collected from New York. We have not performed the analysis to detect B. burgdorferi from the ticks collected from Massachusetts. We collected ticks from only 1 local forest area in New York; therefore, it may be warranted to determine the infectivity rate of ticks from several forest areas in the same county.
Simultaneous infections with B. burgdorferi and Ehrlichia in humans have been reported. 17, 19 Infection with Ehrlichia can cause immunosuppression of animals, which may increase the severity of B. burgdorferi infection. 12, 26 These studies suggest that coinfection with these agents may occur as a consequence of tick bites. Coinfection may explain the variable clinical signs seen in animals with Lyme borrelliosis and ehrlichiosis. The results of this study suggests that it may be necessary to test for infection with B. burgdorferi and Ehrlichia to determine appropriate antibiotic treatment in animals.
